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Introduction
The interaction of business sector and science institutions through the exchange of knowledge and technology has become a central concern not only for applied economics but also for economic policy in the last years. 1 In a knowledge economy, science is exerting an increasingly large influence on innovation, especially in fast-growing knowledge-intensive industries. Thus, the extent and intensity of industry-science relationships is considered to be a major factor contributing to high innovation performance, either at the firm-level, industrylevel or country-level (see OECD 2002) . Still, fears are also expressed in the literature that the tendency to commercialization of university research may cause universities to neglect basic research and teaching which are their main tasks, especially when commercialization revenues are substituted for public funds. 2
Experiences of the USA suggest that research of often publicly financed science institutions and commercialization of research results by private enterprises are compatible goals which reinforce each other, if both sides adopt a long-term perspective (as e.g. in aerospace, computers and telecommunication). However, there is accumulating evidence that many OECD countries are lagging behind in this aspect. The interface between business firms and science institutions, especially universities has to be improved and as a consequence knowledge and technology transfer activities have to be intensified. Also in Switzerland it is asserted by many observers that the industry-science interface is far from being satisfactory (see e.g. Zinkl and Huber 2003) . However, so far there does not exist a comprehensive study on extent, intensity, channels, content, goals, and impediments of KTT activities either on part of the science institutions or the private enterprises in Switzerland.
This study explores the factors determining the propensity of Swiss science institutions at the level of a single institute or department to interact with private enterprises in Switzerland OECD (2003) , OECD (2002) and OECD (1999) ; see also Goldfarb and Henrekson (2003) for a comparison of different policies towards the commercialization of university intellectual property. 2 For example, Rosenberg and Nelson (1994) argue for the maintenance of the "traditional" division of labour between university and industry also under the conditions of closer collaboration and more intensive exchange of knowledge taking place in many countries in the last years; Stephan (2001) discusses possible negative implications of university-industry technology transfer; in Nature (2001) was the opinion expressed that industry's trend towards "closed science", and closer ties to universities may endanger the intellectual independence of university basic research. Tijssen (2004) concludes in a study based on bibliometric data for the period 1996-2001 that companies "may well have redirected the goals of basic research and narrowed the focus towards strategic and applied research with shorter time-horizons…..", a development which might also have influence their relationship to university.
which are relevant for their own innovation activities, collect practical experience for students and university staff as well as test the applicability of new research results. We are especially interested in the different forms of this interaction, not only through joint research projects but also through training, mobility of academic personnel, jointly supervised master theses and PhDs, consulting and so on. We hope that our analysis will cast some light on the industryscience interface problem addressed to above. The data used in this study were collected in the course of a survey among institutes of all three types of science institutions in Switzerland (federal institutions, cantonalal universities and regional universities of applied sciences) using a questionnaire.
The new elements that this paper adds to empirical literature are, first, the analysis at the level of institute or department of a wide spectrum of KTT activities covering not only research cooperation agreements between firms and science institutions but also general informational and educational activities, joint use of technical infrastructure and consulting. Although such additional activities seem to be an important part of KTT activities, they have been neglected in most studies. Second, the explicit consideration of a series of relevant motives and obstacles as determinants of KTT which contribute significantly to the econometric explanation of firms' propensity to overall KTT activities as well as to several specific forms of KTT activities. Third, the parallel investigation of the three important channels of KTT patenting, licensing and formation of spin-offs. This is to our knowledge the first Swiss institute-level study on this matter. 3 The structure of the paper is as follows: in section 2 we discuss briefly the theoretical background of the study. Section 3 reviews the empirical literature. In section 4 we present our data and in section 5 some interesting descriptive results. In section 6 we specify our econometric model of the determining factors (a) of overall KTT activities as well as five specific forms of KTT activities, (b) of three types of commercialization of university research output (patenting, licensing, founding of spin-offs) and describe the construction of the variables. Section 7 is dealing with the empirical results. Finally, section 8 contains some conclusions and a summary.
Theoretical Background
To our knowledge there is little theoretical research on the financial incentives facing faculty and the allocation of effort across types of research (see the discussion in Thursby et al. 2005 ). Beath et al. (2003) and Jensen and Thursby (2004) study faculty research incentives in the framework of a principal agent model where the university is the principal and the faculty member the agent. The analysis in Beath (2003) is static and investigates the potential for the university to ease its budget constraints by allowing academic scientists to conduct applied research on a consulting basis. They argue that by allowing academics to supplement their income, universities may be able to hold down academic salaries: Furthermore, universities can effectively "tax" the income that academics raise through applied research or consultancy, for example through the imposition of "overhead charges". This model offers some insights with respect to the financial incentives for conducting applied research in co-operation with the industry.
By contrast, the model of Jensen and Thursby (2004) scientific discoveries helps scientists to "push" their discoveries out to business sector.
However, it may also dampen firms' incentives to "pull" discoveries out of scientists. Thus, the net effect of patenting depends on the relative ease of bridging the science to market gap through "push" or "pull". 6 The model also examines the importance of universities' technology transfer offices. In principle such offices allow for task specialization. Scientists benefit from delegating search activities, which may free them up to pursue further research. However, the model explains that such delegation typically requires patenting. In introducing the role of transfer offices is assumed that they are more efficient at search of industrial partners than scientists. This may be reasonable in many cases but not in all. If this is not the case, the formation of a spin-off may be an alternative way that guarantees efficiency, because in a spin-off the scientist always internalizes all benefits from search. A last discussion point refers to the lack of an analysis of the dynamic implications of the commercialization of research output. There is empirical evidence that patenting of scientific discoveries may have a negative impact on further scientific progress.
On the whole, the existing theoretical literature delivers a number of factors, mainly of motivational character ("push" and "pull" factors as they are named in Hellman 2005) , which determine the propensity of academic scientists to engage themselves in commercialization activities that provide additional income. There exists some kind of trade-off between financial motives in favour of commercialization and hence the perspective of additional income and the inherent motives of a scientist who primarily pursues research goals and the reputation associated with research achievements. As a consequence, an empirical investigation would at least contain measures for anticipated costs and benefits of commercialization activities, measures of the allocation of working time in basic and applied research as well as teaching, and measures of research output.
Review of Selected Empirical Literature
In this section we review some selected empirical studies which use a similar approach to ours (firm-level data, econometric investigation of the determinants of some form of KTT activities) and try to detect some regularities. Most studies refer to forms of commercialization of university research output such as patenting, licensing and the formation of new firms. A major topic in part of this literature is the relationship between commercialization and research.
A first group of studies refers to the interaction forms between universities and firms. In Lee (1996) the dependent variable was the strategy orientation at faculty level, specified as "user- Moreover, the magnitude of this effect is influenced by context such as the presence of coauthors who patent and the patent stock of the scientist's university. Also previous experience with patenting is of relevance.
Searle Renault (2006) studied the entrepreneurial behaviour by professors as measured by the propensity to collaboration with industry, patenting and behaviour and spin-off behaviour.
Interviews with 98 professors at 12 U.S. universities showed that the most significant influence on these aspects of entrepreneurial behaviour is the beliefs of academic scientists that the dissemination of knowledge in the economy is an important mission for the university. Patenting correlated positively with the number of publications but not the propensity to collaboration with industry or spin-off behaviour.
In a very recent study Azagra-Caro et al. (2006) investigated the determinants of patent production at the laboratory level for a French university. They used a sample of 83 laboratories form 1993 to 2000. They found that university-owned patents were more responsive to specific public funding, while non-university-owned patents are more responsive to industrial funding. They also highlighted the importance of controlling for institutional differences as well as differences among scientific fields. Thursby et al. (2001) specified five categories of outcomes of KTT activities , namely the number of licenses, the number patents applications, the amount of license income (royalties), the amount of sponsored research tied to a license and the frequency that sponsored research is included in a license agreement. They investigated several determinants of these five categories for 62 major research universities in the USA. They found, among other things, that more licenses are executed at universities with large technology transfer offices and medical schools. Royalties generated are typically larger the higher the quality of the faculty and the higher the fraction of licences that are executes at later stages of development.
In an investigation dealing with university start-ups Di Gregorio and Shane (2003) found based on a sample of 457 university departments that the number of start-ups in a given year depended primarily on a department's intellectual eminence, the amount of externallysponsored funds and the type of university licensing policies.
Data
The , the four federal research organization, the institutes and departments of engineering, natural sciences, mathematics and physics, medicine and economics and business administration of the ten cantonal universities as well as the seven regional universities of applied science, on the whole 630 single institutes and departments covering all scientific fields related to technology and science (see table A.1 in the appendix for the composition of the sample). This sample has been constructed according to internet information on the structure of each institution especially for this study. We received 241 completed questionnaires, i.e. 38.3% of the institutes and departments responded to our survey. However, the response rates vary significantly among the single universities (see column 3 in table A.1 in the appendix). Thus, there is a tendency of the universities of applied sciences and the federal institutions to be over-represented, of the cantonal universities to be under-represented in our data set. Institutions from the French-speaking or Italian-speaking part of the country have responded less frequently than those of the German-speaking part.
Due to missing values only 196 observations could be used in the econometric analysis.
Descriptive Analysis: Main Facts

Incidence of KTT Activities
According to the results in table 1 84.2% of the responding institutes or departments were involved in KTT activities with private enterprises in the period 2002-2004 or/and before 2002, 71.4% of respondents reported also KTT activities with foreign firms. This is a very high incidence of KTT activities also in international comparisons, but it has to considered with some caution because of the rather low total response rate of 38.3%. 5 KTT activities with foreign firms are also widespread, 94.1% of KTT-active institutes co-operate with European firms, 48.2% with American and 18.2% with Japanese firms. There are not significant differences among the various institutions (federal institutes of technology, federal research institutions, cantonal universities and regional universities of applied sciences) with respect to propensity to KTT activities.
Forms of KTT Activities
Institutes reported their assessment of the importance of 19 single forms of KTT activities on a five-point Likert scale (1: "not important"; 5: "very important") which were grouped together in the following five categories: informal informational activities, activities related to technical infrastructure, educational activities, research activities and consulting. By calculating the share of institutes that reported the values 4 or 5 for any single form or category of forms of KTT activities we could determine a ranking of the importance of various forms of KTT activities (see table 2 ). Educational activities were given the first priority (80.2% of all KTT active institutes), followed closely by informal informational activities (78.7%) and research activities (75.2%). Much less important were consulting (49.0%) and activities related to the utilization of technical facilities (17.4%); the latter is quite understandable in view of the high endowment of Swiss science institutions with respect to technical equipment. The two most important single educational activities were "contacts with former staff employed in the business sector" (46.5%) and "thesis projects in collaboration with firms" (42.1%). However, there are some remarkable differences among the various institutions: for the institutions of the ETH-domain and the universities of applied sciences. For the institutions of the ETH-domain and the universities of applied science have research activities a higher priority than informal informational activities. For universities are educational activities less important than informal informational activities. The access to joint technical infrastructure is relatively more important for the universities being confronted with more severe financial restrictions than the other two categories of institutions. Finally, among educational activities is the single activity "doctoral projects in collaboration with firms" quite important for the ETH-domain (41.8%) and "thesis projects in collaboration with firms" (77.2%) for the universities of applied sciences.
Model Specification and Construction of Variables
Dependent Variables
We specified two different models. First, we specified model A for the determinants of 
Independent Variables
Most of the independent variables to be discussed below were included in both models; if a certain variable is used only in one of the models is especially mentioned below. The expected signs for independent variables are referring to both models. A first group of independent variables contains measures of various institute or department characteristics which could influence the propensity to undertake KTT activities with private enterprises.
The allocation of human resources in teaching, applied and basic research and other tasks could implicate a stronger or weaker disposition for interaction with the business sector and is measured by two variables: ratio of percentage of an institutes total working time of academic staff devoted to applied research to that devoted to basic research (APPL); percentage of an institutes total working time of academic staff devoted to teaching (TEACH) (there is also a fourth category of activities, namely 'other tasks'). We expect a negative effect for the in the estimation equations of all four dependent variables (variables OBSTACLE1 to OBSTACLE6). We expect a negative effect for each of these obstacles, although we do not have a priori expectations with respect to the relative importance of each of them.
For the variables for the specific forms of KTT activities as well as variables for patenting, licensing and founding of spin-offs (model B), we also included four variables measuring several aspects of the motivation of institutes for undertaking KTT activities with private enterprises. Institutes with KTT activities reported their assessment for 24 single goals of and/or motives for KTT activities covering a wide spectrum of knowledge-oriented motives (access to "tacit" and or "codified" knowledge respectively), financial motives (e.g. costsaving or time-saving in research projects, additional resource for extending research facilities) and institutional and organizational motives (e.g. securing good job prospects for staff and/or students, extending the university's mission). We consider these motives to reflect to a large extent the expected benefits of KTT activities from an institute's point of view.
Therefore we expect a positive effect for each of these motives, although we do not have a priori expectations with respect to their relative importance. With the help of a principal component factor analysis we compressed these 24 single motives, which were measured on a five-point Likert scale (1: "not important"; 5: "very important"), to four main groups (see The possible influence of the scientific field in which an institute is engaged was taken into account through four dummies for engineering, natural sciences, economics and business administration and medicine (basic research disciplines mathematics and physics serving as a reference group). With the exception of medicine institutes or departments we expect that institutes from all other three disciplines are stronger oriented to KTT activities than institutes of mathematics and physics. The affiliation to one of the four main groups of institutions (federal institutes of technology, federal research institutions, cantonal universities and regional universities of applied science) would reflect the policy orientation of the groups of institutions with respect to KTT and was also taken into consideration by inserting three dummies for each of the main groups of institutions, the universities of applied sciences serving as a reference group. We expect universities of applied sciences to be stronger involved in KTT activities than other institutions.
Finally, a structural measure was also included: four dummies for institute size (measured by the number of employees in full-time equivalents). We also used an alternative specification for institute size by inserting a linear term and a quadratic term with respect to the number of employees in the estimation equation. In accordance to empirical literature we expect institute size to be positively correlated to the propensity to KTT activities with private enterprises.
Institute size is considered as an important determinant representing factors which favour KTT activities but are not specified in our model. We postulate that, given their scientific field and research orientation, larger institutes or departments anticipate more and better possibilities for KTT activities than small ones, due e.g. to the existence of personnel specialized in KTT.
Empirical Results
Propensity to KTT Activities
Overall KTT activities (model A) For the coefficients of the variables APPL, TEACH and FINANCE we obtain the expected signs (column 1 in table 3). Institutes with a stronger orientation to applied research and/or lower teaching obligations are also stronger inclined to get involved in KTT activities. The same is valid for institutes which have already had experience with industry co-operations as reflected by a high share of third-party funds in an institute's budget. We could not find a size effect. This is also confirmed by the results (not presented here) with regard to the alternative specification based on a linear and a quadratic term for the number of employees: the coefficients of both the linear term and the quadratic term are not statistically significant at the usual test level. Rather unexpectedly, institutes belonging to the federal institutes of technology (ETH) or to the cantonal universities (UNIV) or to the federal research institutions (FRI) are not less inclined to KTT activities than the universities of applied sciences for which KTT activities are explicitly an important part of their mission. In accordance to expectations, institutes of economics and business administration, natural sciences, engineering and medicine, ranking as presented above, are stronger involved in KTT activities than institutes of mathematics and physics.
Only the coefficients for the obstacle variables that were statistically significant at the 10% level are shown in table 3. As the significantly negative coefficient of the variable OBSTACLE4 indicates, institutes not involved in KTT activities were seriously impeded from undertaking such activities by a combination of the following four single obstacles:
"scientific independence impaired"; "hindrance to academic publication activities";
neglecting of basic research"; "difficulties to get informed about R&D activities in industry" (see also Motives as expressions of expected benefits are relevant for every category of KTT activities.
Only the coefficients for the motive variables that were statistically significant at the 10% level are shown in table 4. We obtain positive and significant coefficients for the variables MOTIVE1, MOTIVE2 and MOTIV4. MOTIV1 is a combination of the following seven single motives for KTT activities: "access to specific capabilities complementary to institute's expertise"; "new research impetus"; "exchange of ideas and experience with industry researchers"; "practical experience for staff/students"; "gaining additional research insights";
"opportunity to test research findings in practice"; "promoting the diffusion of a particular technology" (see also table A.4 in the appendix). This motive is relevant for the two most important categories of activities, namely educational and research activities. MOTIVE2 is a combination of ten single motives referring to a series of institutional goals such as securing good job prospects for students and staff, promoting regional development and the image of science, extending university's mission, commercial success, promoting the diffusion of key R&D findings amongst the business public, reference for more public funding and so on (see also table A.4 in the appendix). This motive is important for institutes focussing on educational activities or the utilization of business sector technical facilities. Finally, MOTIVE4 is a combination of three single financial motives ("additional resources for basic research", "additional resources for research facilities" and "business funding more flexible than public funding") (see also Firm size showed no effect on the propensity to focus on any type of KTT activities with the exception of INFO. In this case institutes with more than 40 employees seem to be more involved in informal contacts with firms than small institutes.
Institutes of the ETH-domain (ETH) and cantonal universities (UNIV) have a weaker tendency to focus on any type of KTT activities than the universities of applied research or the federal research institutions, which are stronger specialized either in some research fields (e.g. EAWAG), a certain type of technical facilities (e.g. PSI) or consulting (e.g. most of the universities of applied sciences) than the first two groups of institutes.
Finally, institutes of engineering are stronger inclined to informal contacts and educational activities than institutes from other scientific fields. Institutes of natural sciences are significantly more interested in getting involved in activities related to the utilization of technical facilities, but less so with respect to consulting. Otherwise there are no discernible differences among the institutes form different scientific fields with respect to the five categories of KTT activities.
In a last step, we take into consideration the possibility of interdependence among the various specific forms of KTT activities, given that firms are pursuing more than one of them at a time, as already discussed in section 4. We consider here the interdependence of the three most important forms of activities: informal contacts with general informational content (variable INFO), educational activities (variable EDUC) and research co-operation (variable REAS). In order to take account of this interdependency we estimated a trivariate probit model, i.e. a simultaneous system of three equations (for INFO, EDUC and REAS respectively), instead of three separate probits. To this end, we applied the respective procedure implemented in STATA, which is based on the so-called GHK-simulator for multivariate distributions. MOTIVE1 related to the access of industrial knowledge as well as practical experience and possibilities of application is relevant only for patenting. All three types of activities were hampered by the same category of obstacles, namely OBSTACLE3, which is a combination of the following four single obstacles of KTT activities: "institute' s research focus not interesting enough for industry"; "insufficient interesting research questions in industry for institute"; "no possibility of commercialization of research results"; "difficulties to find an appropriate industry partner" (see also table A.5 in the appendix). This bundle of obstacles reflects the perception of academics of an industry research profile which does not correspond well to their own needs and interests.
There is a weak positive size effect for spin-offs but no discernible effect for the other two types of commercialization activities. The alternative specification with linear and quadratic term yielded only in the case of spin-offs a positive and statistically significant coefficient of the linear term.
There were no discernible differences with respect to patenting and the foundation of spinoffs among the various groups of federal, cantonal and regional institutions (variables ETH, UNIV, FRI). The federal research institutions (FRI) are more intensively involved in licensing than any of the other three groups of institutions.
We could not find any differences between engineering and natural sciences vis-à-vis mathematics and physics with respect to all three types of commercialization activities.
Economics and management are significantly weaker represented than other disciplines in patenting and licensing, medicine in licensing. Finally, there were no significant differences among the scientific fields with regard to spin-offs.
In a last step, we take also in this case into consideration the possibility of interdependence among the various types of commercialization activities. There are some good reasons why there should exist some correlations between these activities: patenting is a precondition for licensing; patenting and/or licensing are often the main motivation for grounding a new firm to exploit these assets. In order to take account of this interdependency we estimated a trivariate probit model, i.e. a simultaneous system of three equations (for PATENTING, LICENSING and SPIN-OFFS respectively), instead of three separate probits. To this end, we applied the respective procedure implemented in STATA, which is based on the so-called GHK-simulator for multivariate distributions. slight differences with respect to the coefficients of the dummies for the groups of science institutions (the federal research institutions are stronger involved in spin-offs than other institutions) and the dummies for the scientific fields (medicine is not weaker than other disciplines with respect to licensing).
Conclusions and Summary
A first important finding of the study refers to the overall propensity to KTT activities with private enterprises. Institutes with a stronger orientation to applied research and/or lower teaching obligations are also stronger inclined to get involved in KTT activities. The same is valid for institutes which have already had experience with industry co-operations as reflected by a high share of external funds in an institute's budget. There is no size effect. We could not find any discernible differences among the three groups of science institutions. In accordance to expectations, institutes of economics and business administration, natural sciences, engineering and medicine, ranking as presented, are stronger involved in KTT activities than institutes of mathematics and physics. Institutes not involved in KTT activities were seriously impeded from undertaking such activities by a series of single obstacles which primarily reflect the (legitimate) fears of academics of neglecting their main task or reduce the quality of their work when they get involved in KTT activities.
A stronger orientation towards applied research is relevant only for distinguishing between institutes involved in KTT activities and those not involved in such activities but not for explaining the activity focus of KTT-active institutes. KTT-active institutes, which reported a focus on educational, research or consulting activities, are stronger oriented towards basic research than KTT-active institutes without such a focus. The level of teaching obligations does not seem to have any effect on the focus of KTT activities. Financial motives in the sense of searching for additional funding are the most important incentives for most types of KTT activities. There is a positive effect of research output with respect to educational activities and a negative one with respect to informal contacts.
The results with respect to patenting, licensing and the formation of new knowledge-based firms showed considerable differences with respect to the relative importance of the determinants used in this study. An institute's research focus (basics vs. applied research)
does not influence the propensity for patenting and spin-offs; a focus on basics research seems to be quite compatible with licensing activities. High teaching obligations could diminish the chances for licensing but not for spin-offs. A further important finding was that all three types of activities were hampered by the same category of reported obstacles reflecting the perception of academics of an industry research profile which does not correspond well to their own needs and interests. Research output is not significantly correlated to any of the three types of commercialization. This finding supports the hypothesis that basic research is not compromised by commercialization activities. There is a weak positive effect of institute size with respect to spin-offs. -0.027*** -0.015 (0.009) (0.010) FINANCE (4) 0.010* 0.005 (0.005) (0.006) OBSTACLE4 (5) -0.431*** -0.436** (0.152) (0.197) PHD (6) 0.052** // (0.025) PUBL (7) // 0. (1.233) ENGINEERING (11) 1.600*** 2.257*** (0.554) (0.731) NATURAL SCIENCES (11) 1.887*** 1.918*** (0.529) (0.514) ECONOMICS, MANAGEMENT (11) 2.265*** 2.536*** (0.638) (0.620) MEDICINE (11) (2): APPL: ratio of percentage of an institutes total working time of academic staff devoted to applied research to that devoted to basic research; (3): TEACH: percentage of an institutes total working time of academic staff devoted to teaching; there is also a fourth category of activities, namely 'other tasks'; (4):
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